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It is also prompted to wisely convert waste into added value. One of them is to transform waste cooking oil into
bioplasticizer by epoxidation with peroxyacetic acid and acid catalysts. Waste cooking oil is potential material
as bioplasticizer for starch-based biocomposite due to highly unsaturated triglyceride. This paper was aimed
to investigate performance of epoxidized waste cooking oil as bio plasticizer of starch-based biocomposite
reinforced microfibrillated cellulose of bamboo based on tensile strength, elongation at break, and spectra peaks
of FTIR. All of bamboo MFC was prepared through cellulose isolation by chemical treatments and microfibrillated
cellulose conversion by assistance of ultrasonic homogenizer.
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1. INTRODUCTION
Many researchers have been developing several productions of
green polymer composites by using natural fibres due to avail-
ability, ecological benefits, and good properties in mechani-
cal and thermal. One of the promising source is bamboo with
relative high of cellulose content.1 The bamboo may allow
as macroscopically and microscopically functionally graded
biomaterial.2 Bamboo fiber has a little bit higher the stiffness
and the specific stiffness than that of epoxy glass. Use of these
characteristics, bamboo denotes as potential fiber sources for
biocomposites matrix,3 as composite filler for polyvinylchlo-
ride (PVC),4 reinforcing nanocomposite starch-polyvinylacetate
(PVA),5 reinforcing polylactic acid (PLA),67 reinforcing starch-
based composite.8 Despite, other bamboo research focused on
chemical, physical, mechanical, and thermal properties have
been investigated,8–10 including minor components of bamboo
extracts.1112 Previous research had been conducted on Indonesia
bamboo (Dendrocalamus asper) through chemical modification
assisted by supercritical CO2 in order to extend durability by
acetylation reaction.13 On going research, microfibrillated cellu-
lose of bamboo is applied to reinforce starch-based bioplastic
with glycerol as plasticizer, and acetic acid (2016). However,
biocomposite produced from bamboo lignocellulose had a char-
acteristic that easily cracking and curling.14
∗Author to whom correspondence should be addressed.
Therefore, the addition of plasticizer to the biocomposite is
required to overcome that drawback. Plasticizer, polymer addi-
tive, is commonly to improve flexibility, workability, distensibil-
ity by reducing glass transition temperature through incorporation
in composite.15 Currently it has been developed bio-plasticizer
by epoxidation of several vegetable oil,16–18 such as palm kernel
oil,19 Jatropha curcas oil,20 soybean oil,21 and waste cooking oil
with zeolite as catalyst.22 In this study, it was executed prepara-
tion of this bio-plasticizer by use of acidic catalyst. Utilization
of waste cooking oil as bio plasticizer can act as a promising
alternative way to preserve environment.
The objective of this paper was to investigate performance
of epoxidized waste cooking oil (EWCO) as bio plasticizer of
starch-based biocomposite reinforced microfibrillated cellulose
of bamboo (MFC) based on structural, mechanical and thermal
properties, such as spectra peaks of FTIR, tensile strength, and
TGA (thermal gravimetric analysis).
2. EXPERIMENTAL DETAILS
2.1. Materials
Waste cooking oil was collected from household frying in
Semarang with the steps of pre-treatment by screening from solid
waste. H2O2 (50%) and alcohol 96% were supplied from PT.
Brataco. Glacial CH3COOH (100%), NaOH (pro analysis), KI
(pro analysis), cyclohexane (for analysis), HNO3 (65%), Wijs
solution, KOH pellet, and toluene were obtained from Merck
KGaA, Germany. HCl (37%), Sulfuric acid (H2SO4 96%) and
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diethyl ether (99.6%) were obtained from Mallinckrodt. Na2S2O3
(99.5%) was supplied from Sigma Aldrich. All chemicals were
directly used without any purification. Bamboo was obtained
from an agricultural farm in Sragen, Central Java. Sagoo starch
was obtained from commercial product of Lampung, Indonesia.
2.2. Reasearch Location
This research was taken placeat Advanced Material Laboratory
(AMaL), Department of Chemical Engineering, Faculty of Engi-
neering, Diponegoro University.
2.3. Methods
• Bio-plasticizer preparation by epoxidation of waste cooking
oil (WCO)
An amount of waste cooking oil was taken into three necks
reactor. After that, 0.5% mole of carboxylic acid (CH3COOH)
and 2.02% weight of H2SO4 as acid catalyst were added to the
reactor and the mixture was stirred for about half an hour. Then,
2% mole of H2O2 was added drop-wise at a rate such that the
addition was completed in half an hour and the reaction was con-
tinued further for 5 hours. The temperature is controlled at about
50 C. Samples were withdrawn intermittently, considering the
completion of H2O2 addition as zero time. The collected samples
were washed with slightly hot water successively to remove free
acid, then extracted with diethyl ether in a separating funnel, and
then analysed for iodine value and oxirane content. Iodine value
was determined by using the Wijs method.23 The oxirane oxygen
was determined by Shagal et al.24
• Microfibrillated celluose of bamboo preparation by chemical
treatment isolation
Bamboo powder was subjected washing with ot wat to
remove impurities. Afterward, washed bamboo powder was
extracted with ethanol and toluene to desorb extractives and
waxes at temperature of 110 C for 6 hours. The lignin and hemi-
cellulose of bamboo was isolated from the lignocellulose of bam-
boo by mixing with KOH at temperature of 80 C for 4 hours.
The undissolved cellulose was taken by washing with deionized
water. Then, the cellulose was purified to eliminate the phenolic
component using NaOCl and H2O2 for bleaching at temperature
of 30 C for 3 hours. The isolated cellulose was washed with
deionized water until the pH of 7 (neutral) and centrifuged to
separate the water residu. The homogenous cellulose was mixed
water with the ratio of 1% w/w, 3% w/w, and 5% w/w assisted
by ultrasonic homogenizer to generate MFC solution.
3. RESULTS AND DISCUSSION
3.1. Performance Study of EWCO as Bio-Plasticizer of
Biocomposite Based on Tensile Strength
Based on analysis test of the biocomposite tensile strength, it
could be seen that biocomposite reinforced 1% w/w, 3% w/w,
and 5% w/w of bamboo MFC using glycerol as plasticizer had
a lower relative of tensile strength than that of EWCO as plasti-
cizer. Table I shows the tensile strength analysis of starch-based
biocomposite reinforced bamboo MFC using glycerol as plasti-
cizer. It was found that the maximum tensile strength could be
reach by adding of 1.5% glycerol is only 1.9 MPa for 3% w/w
of MFC solution.
While, the starch-based biocomposite reinforced MFC bamboo
using EWCO as plasticizer had relative high of tensile strength.
Table I. Tensile strength of sago starch-based biocomposite rein-
forced bamboo MFC using glycerol 1.5% W as plasticizer.
% vol Tensile strength, MPa Tensile strength, MPa Tensile strength, MPa
MFC (MFC 1% w/w) (MFC 3% w/w) (MFC 5% w/w)
0 0.88 0.88 088
5 1.16 1.13 03
10 0.90 1.26 117
20 0.67 1 15
25 1.69 1.88 138
It was indicated the EWCO can improve performance of the bio-
composite reinforced bamboo MFC. Figures 1 to 3 are the tensile
strength of the EWCO addition to the biocomposite reinforced
1% w/w, 3% w/w, and 5% w/w of bamboo MFC solution.
Additional of EWCO 0.5% in 5% w/w of bamboo MFC rein-
forced sago starch based biocomposite can obtain 8.4 MPa of
tensile strength. It denoted lower tensile strength than that of
EWCO 0.6% in 5% w/w of bamboo MFC reinforced sago starch
based biocomposite, i.e., 10.7 MPa. This results also exhibited
lower than that of EWCO 2.4% in 1% w/w of bamboo MFC rein-
forced sago starch based biocomposite, i.e., 12.97 MPa. It can be
concluded based on mechanical analysis that EWCO plasticizer
can be used to nicely treat the sago starch-based biocomposite
with lower MFC concentration.
3.2. Performance Study of Epoxidized Waste Cooking
Oil as Bio-Plasticizer Based on TGA Analysis
Figure 4 denotes the TGA analysis result consisted of sago
starch-based biocomposite, sago starch biocomposite reinforced
3% w/w of MFC without any addition of plasticizer, and sago
starch biocomposite using 2.4% of EWCO as plasticizer. The
result showed that biocomposite using EWCO have a high rela-
tive thermal strength than biocomposite without using any plas-
ticizer. First reduction of weight can be attained about 5–6%
below 157 C for plasticized biocomposites, while unplasticized
one reduced the weight around 13% due to water evaporation.
The degradation of all biocomposites occurred at about temper-
ature of 272 C–282 C due to the cleavage of cellulose chain.25
% EWCO (w/w)
0.4 0.5 0.5 0.6 0.6
Te
ns
ile
 S
tre
ng
th
 (N
/m
m2
)
0
2
4
6
8
10
Fig. 1. The effect of EWCO addition in the 5% w/w of bamboo MFC to the
tensile strength.
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Fig. 2. The effect of EWCO addition in the 3% w/w of bamboo MFC to the
tensile strength.
Furthermore, EWCO plasticized biocomposites can extend to
obtain residue at over 627 C and obtained more the residue
than sago starch biocomposite and unplasticized sago starch bio-
composite reinforced MFC at temperature of 527 C, i.e., about
21% w. However, the weight loss of sago starch-based biocom-
posite was quite similar with that of biocomposite reinforced
MFC. It might be the reinforcement of biocomposite used bam-
boo MFC can act as dispersing agent due to concentration less
than 15%. MFC consists of cellulose fibre, therefore physical
characteristic of this reinforcement was indeed similar with cel-
lulose. Overall it can be confirmed by thermogravimetric analysis
result that the epoxidized WCO has improved the thermostability
of the biocomposite.
3.3. Performance Study of Epoxidized Waste Cooking
Oil as Bio-Plasticizer Based on FTIR Spectra
The present of oxirane ring of EWCO was proved by FTIR anal-
ysis. Figure 5 shows the FTIR spectra of epoxidized WCO at
temperature of 50 C and 70 C, use of 2% of H2SO4 and stir-
ring speed of 1200 rpm, and also spectra of WCO. FTIR spectra
at both temperature showed the epoxidized WCO still remained
the C O ester peak of triglyceride at 1735 cm−1, while spec-
tra at 1650 cm−1 and 663 cm−1 denoted unsaturated peak at
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Fig. 3. The effect of EWCO addition in the 1% w/w of bamboo MFC to the
tensile strength.
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Fig. 4. Thermogravimetry of biocomposite based sago starch..
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Fig. 5. FTIR spectra of EWCO dan WCO.
temperature of 70 C. The presence of unepoxidized WCO in
the product was proven by FTIR result. In addition, there was
epoxide ring opening at spectra as peak of C O for ester of
3410 cm−1 while epoxide spectra can be presented at spectra
of 725 cm−1 and 879 cm−1 as monosubstituted epoxide and
ring vibrated trans epoxide, respectively.26 Oxirane compound
can be theoretically absorbs at wavelength of 750–880 cm−1
and 815–950 cm−1.27 Epoxides absorbs near 1250 cm−1 due to
C–O stretching vibration and near 370 cm−1 due to their ring
deformation.26 The WCO peaks spectra released FTIR quite dif-
fered with both EWCO peaks spectra. The WCO did not have
stretching vibration peak of C O for ester at wavenumber of
3410 cm−1, and no peaks of oxirane compound at wavelength of
750–880 cm−1 and 815–950 cm−1.
4. CONCLUSION
The use of epoxidized waste cooking oil as plasicizer could
improve the performance of sago starch-based biocomposite
reinforced microfibrillated cellulose bamboo by increasing both
in terms of the tensile strength and the thermostability upon
mechanical analysis, thermogravimetry analysis. The evidence of
EWCO can be confirmed from certain peak spectra by FTIR
analysis denoting oxirane ring in EWCO.
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